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What is claimed is: 



An isolated y^ucleic acid molecule encoding a Tumor 
necrosis ^factor Receptor-Associated Factor (TRAF) 
protein-interacting hereditary multiple extoses (TREX) 
prot< 

The isolated nucleic acid molecule of claim 1, wherein 
the nucleic acid molecule is a DNA molecule. 



3. The isolated DNA molecule of claim 2, wherein the DNA 
molecule is a cDNA molecule. 



4. The isolated DNA molecule of claim 2, wherein the DNA 
molecule is a genomic DNA molecule. 



5. The isolated nucle 
acid molecule is a 



ic aci< 
n/RNA 



id of claim 1, wherein the nucleic 
molecule. 



The isolated nucleic acid Aolecule of claim 1, wherein 
the nucleic acid molecule encodes a mammalian Tumor 
necrosis factor Receptpr-^s^ociated Factor (TRAF) 
protein-interacting hereditary multiple extoses (TREX) 
protein . 



The isolated nucleic a^id molecule of claim 1, wherein 
the mammalian Tumor ilecrosis factor Receptor- Associated 
Factor (TRAF) prp^ein- interact ing hereditary multiple 
extoses (TREX) y {Jrotein is a mouse, rat, or human Tumor 
necrosis factor Receptor-Associated Factor (TRAF) 
protem-iij^eracting hereditary multiple extoses (TREX) 
protein. 



The isolated nucleic 
the nucleic acid mc 
Receptor- Associate? 
hereditary mult: 




acid molecule of claim 6, wherein 
encodes a Tumor necrosis factor 
r (TRAF) protein- interacting 
s (TREX) protein comprising an 
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amino acid sequence as set forth in Figure 7B (SEQ ID 
NO : 2 ) . 

The isolated nucleic acidl molecule of claim 8, wherein 
the amino acid sequence domprises an isoleucine zipper 
motif and a hereditary multiple extoses C (EXT C) domain. 



The isolated nuclei 
wherein the nucleic 
necrosis factor Rece 
protein - interacting 
( TREX ) pro t e in , whe r i 
Receptor- Associated 
interacting her&dita 
protein has subsftanl 
sequence as set fo: 



acid molecule of claim 6, 
Lcid molecule encodes a Tumor 
associated Factor (TRAF) 
sditary multiple extoses 
n the Tumor necrosis factor 
(TRAF) protein- 
tiple extoses (TREX) 
the same amino acid 
.n Figures 7B (SEQ ID NO: 2) . 



Factor 



rm. 



The isolated nucleic! acid molecule of claim 6, 
wherein the nucleic acid molecule encodes a Tumor 
necrosis factor Recepior-Associated Factor (TRAF) 
protein-interacting hereditary multiple extoses 
(TREX) protein, wherein the Tumor necrosis factor 



Receptor -Associated 
interacting hereditary 



factor (TRAF) protein- 
multiple extoses (TREX) 
protein has the amino adid sequence as set forth in 
Figure 7B (SEQ ID NO: 2) . 



The isolated nucleic acid/ molecule of claim 6, 
wherein the nucleic acid ^molecule encodes a Tumor 
necrosis factor Receptor-Associated Factor (TRAF) 
protein- interacting hereditary multiple extoses 
(TREX) protein comprising an amino acid sequence as 
set forth in FigmjS 8B (SEQ ID NO: 4) . 



The isolated nucleic acid molecule of claim 12, 
wherein the amino acid sequence comprises an 
isoleucine zipper motif and a hereditary multiple 
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extoses C (EXT C) domain, 



The isolated nucleic acid molecule of / claim 6, 
wherein the nucleic acid molecule encodes a Tumor 
necrosis factor Receptor-Associated Factor (TRAF) 
protein- interacting hereditary multiple extoses 
(TREX) protein, wherein the Tumor/necrosis factor 
Receptor-Associated Factor /(TRAF) protein- 
interacting hereditary multiple extoses (TREX) 
protein has substantially tme same amino acid 
sequence as set forth in Fidure 8B (SEQ ID NO: 4) . 

c 

The isolated nucleic acfid molecule of claim 6, 
wherein the nucleic aoid molecule encodes a Tumor 
necrosis factor Rece/tor-Associated Factor (TRAF) 
protein-interacting/ hereditary multiple extoses 
(TREX) protein, wherein the Tumor necrosis factor 
Receptor-Associated Factor (TRAF) protein- 
interacting hereditary multiple extoses (TREX) 
protein has the amino acid sequence as set forth in 
Figure 8B (SEQ ID NO: 4) . 



An isolated nucleic aefid molecule encoding a mutant 
homolog of the mammalian Tumor necrosis factor 
Receptor-Assocj^ted Factor (TRAF) protein- 
interactinq/nereditary multiple extoses (TREX) 
protein jrfiose genetic alteration is set forth in 
Table 



The isolated nucleic acid molecule of claim 12, 
which is a deletion mutant 



The deletion mu 
mutant homolog c 




of claim 17, wherein the encoded 
ises a tumor suppressor locus . 



The deletion mutant of claim 17, wherein the encoded 
mutant homolog does notycomprise a tumor suppressor 



8U 



locus 



^o^nain. 



The isolated rme-iheic acid molecule of claim 6, 
wherein the mamml: j^n TREX comprises a mouse nucleic 
acid sequence setjforth in Figure 7A (SEQ ID NO:l) . 



The isolated nucleic/ acid molecule of claim 6, 
wherein the mammalian TREX comprises a human nucleic 
acid sequence set y£orth in Figure 8A (SEQ ID NO: 3) . 

A vector comprising the nucleic acid molecule of 
claim 1. 

The vector of claim 22 adapted for expression in a 
host celiv which comprises the regulatory elements 
necessary \ for expression of the nucleic acid 
molecule inVthe host cell operatively linked to the 
nucleic acid\ molecule encoding the Tumor necrosis 
factor Receptor-Associated Factor (TRAF) protein- 
interacting hereditary multiple extoses (TREX) 
protein so as\ to permit expression of the TREX 
protein. 



The vector of cla: 
eukaryotic, bacte] 



23, wherein the host cell is a 
insect or yeast cell. 



The vector of claim! 
cell is a mammalii 



(wherein the eukaryotic host 
.1 . 



The vector of claim 21 
plasmid . 



wherein the vector is a 



A vector comprising the 
claim 3. 



icleic acid molecule of 



The vector of claim 27 adapted for expression in a 
host cell which comprises the regulatory elements 
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necessary for expression of the nucleic acid 
molecule In the host cell operatively linked to the 
nucleic aodd molecule encoding the Tumor necrosis 
factor Receptor-Associated Factor (TRAF) protein- 
interacting \ hereditary multiple extoses (TREX) 
protein as t<\ permit expression of the TREX protein. 

The vector of\claim 28, wherein the host cell is a 
eukaryotic, bacterial, insect, or yeast cell. 

The vector of claim 29, wherein the eukaryotic host 
cell is a mammalian cell. 

The vector of cla^im 30, wherein the vector is a 
plasmid. 



A method of producing a host cell operatively linked 
to the nucleic acitaf*~lt*plecule encoding a Tumor 
necrosis factor Recaptp* -Associated Factor (TRAF) 
protein- interacting Oaer^ditary multiple extoses 
(TREX) protein, whichj comprises growing a host cell 
comprising the vector \of claim 2 9 under suitable 
conditions permitting production of the TREX protein 
and recovering the TRE2& protein so produced. 



The method of claim 32, further comprising purifying 
the recovered TREX protei] 

A method of producing a \polypeptide having the 
biological activity of a protein encoded by the 
nucleic acid molecule encoping a Tumor necrosis 
factor Receptor-Associated Factor (TRAF) protein- 
interacting hereditary multiple extoses (TREX) 
protein which comprises growjjng the host cells of 
claim 2 9 under suitable conditions permitting 
production of the polypeptides and recovering the 
polypeptide so produced. 



82 



The method of\claim 34, further comprising purifying 
the recovered Polypeptide . 

A purified mammal\an Tumor necrosis factor Receptor- 
Associated FactcV (TRAF) protein- interacting 
hereditary multiple\exkoses (TREX) protein. 

The purified mammalian Tumor necrosis factor 
Receptor-Associated Vactor (TRAF) protein- 
interacting hereditary \ multiple extoses (TREX) 
protein of claim 36 which\ is a human TREX protein. 

substantially the amino acid 
Figure 7A. 

2<g substantially the amino acid 
in Figure 8A. 

An oligonucleotide comprising a nucleic acid 
molecule of at least 15 contiguous nucleotides 
capable of specifically hybridizing with a unique 
sequence incluoed within the sequence of the 
isolated nucleiV acid molecule encoding a Tumor 
necrosis factor Receptor-Associated Factor (TRAF) 
protein- interacting hereditary multiple extoses 
(TREX) protein of cl)aim 1. 

The oligonucleotide of Waim 40, wherein the nucleic 
acid is DNA. J 

The oligonucleotide of olaWi 40, wherein the nucleic 
acid is RNA. \ 

An antisense oligonucleotideXcomprising a sequence 
capable of specifically hybridizing with a unique 
sequence included within the mRJtfA molecule of claim 



A protein comprisipg 
sequence set forth/ in 



A protein comp 
sequence set fort 
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An antisenseX oligonucleotide comprising a sequence 
capable of specifically hybridizing with a unique 
sequence included within the genomic DNA molecule of 
claim 4 . \ 

An antibody capsfcle of binding to the protein of any 
of claims 36, 31, 38 and 39. 

An antibody capattLe of binding to the protein of any 
of claims 36, 37,138 and 39, wherein the antibody is 
a monoclonal antipody. 

An antibody capable of binding to the protein of any 
of claims 36, 37, 3^8 and 39, wherein the antibody is 
a polyclonal antibddy. 

A monoclonal antibody directed to an epitope of a 
Tumor necrosis facqpr Receptor-Associated Factor 
(TRAF) protein- interacting hereditary multiple 
extoses (TREX) proteib. \ 

A method of inhibiting VTREX protein interaction with 
a TRAF protein comprising administering a ligand 
comprising an amino acid domain which binds to a EXT 
C domain of the TREX \protein so as to inhibit 
binding of the TREX protiein to the TRAF protein. 

A method of inhibiting\ overexpression of TREX 
protein comprising administering the antisense 
oligonucleotide of claim 4V3 which binds to an mRNA 
molecule encoding a humanl Tumor necrosis factor 
Receptor-Associated Factfcr (TRAF) protein- 
interacting hereditary multiple extoses (TREX) 
protein so as to inhibit overfexpression of the human 
TREX protein. \ 



The method of claim 50, \ wherein -inhibiting 
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overexpression of TREX protein thereby inhibits 
TRAF- induced CD4 0 signal dependent NF-kB activation. 



52 . 



The method ©f claim 49, wherein the ligand is an 
antibody capable of binding to the TREX protein - 



53 . 



The method of \claim 52, wherein the antibody is a 
monoclonal or c\ polyclonal antibody. 



10 



15 
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A method of inhibiting growth of a tumor cell 
comprising blockiVig a TRAF interacting site of a 
TREX protein by administering a ligand capable of 
binding to the TR^F interacting site of a TREX 
protein. 

The method of claim 54, wherein the TRAF interacting 
site is a hereditary\ mult iple extoses C (EXT C) 
domain. 



M 20 
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The method of claim 
growth is inhibited in") 



/he rein t he t umor cell 
Lvo or in vitro. 



25 
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The method of claim 56, W^ ere ^ n t ^ ie ligand is an 
antibody capable of binding to the TRAF interacting 
site of a TREX protein. 
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The method of claim 57, wheLrein the antibody is a 
monoclonal or a polyclonal antibody. 



30 



35 



59. 



60 . 



A pharmaceutical composition comprising an amount of 
the oligonucleotide of any one \of claims 40, 41, 42, 
43, or 44, effective to prevent! overexpression of a 
TREX protein and a pharmacaitically acceptable 
carrier capable of passing through a cell membrane. 



A pharmaceutical composition cor 
the antibody of any one of 



rising an amount of 
Lims 45, 4 6 or 4 7 
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effective ^to block binding of a TREX protein to a 
TRAF proteVn and a pharmaceutically acceptable 
carrier capaJble of passing through a cell membrane. 

A method of tVeating an abnormality in a subject, 
wherein the abnormality is alleviated by the 
inhibition of binding of a TREX protein and a TRAF 
protein which comprises administering to the subject 
an effective \amount of the pharmaceutical 
composition of claim 60 effective to block binding 
of the TREX protein and the TRAF protein in the 
subject, thereby treating ■ the abnormality in the 
subject. \ 

The method of claim , wherein the TRAF protein is 
TRAF2 , TRAF3 or TRAF 15 . 

The method of claim 62y wosrein the abnormality is 
cancer, a hereditarWV mrfltiple extosis or an 
autoimmune disease. \r\ 

The method of claim 63, wnerein the cancer is colon 
cancer, gastric cancer, human head and neck squamous 
cell carcinoma, prostate carcinoma, breast cancer, 
thyroid cancer, esophageal cancer, lung cancer, 
colorectal cancer, ovarian cancer, papillary bladder 
cancer, osteosarcoma, chondrosarcoma, liposarcoma, 
giant cell tumor, Ewing sarcorpa, or other malignant 
tumors . \ 

A method of treating an abnormality in a subject, 
wherein the abnormality is alleviated by the 
inhibition of overexpression of a\ TREX protein which 
comprises administering to the su&ject an effective 
amount of the pharmaceutical composition of claim 53 
effective to inhibit overexpresslion of the TREX 
protein, thereby treating the abnormality in the 
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sub j eVt 



66 



The method of claim 65, wherein the abnormality is 
cancer, a \ hereditary multiple extosis or an 
autoimmune dikease . 



67 . 



10 



15 



20 



25 



30 



35 



69. 



70. 



71 . 



The method of claita 66^ wherein the cancer is colon 
cancer, gastric canoer,\ human head and neck squamous 
cell carcinoma, proE^oe carcinoma, breast cancer, 
thyroid cancer, esppha^al cancer, lung cancer, 
colorectal cancer, ovariarrscancer, papilla.ry bladder 
cancer, osteosarcoma, chondrosarcoma, liposarcoma, 
giant cell tumor, Ewing sarcom^, or other malignant 
tumors . 



A method of screening 



for a chemical compound which 



inhibits TREX protefLn and TRAF protein binding 
comprising : 

(a) incubating the chemical compound with a TREX protein 
and a TRAF protei 

(b) contacting the ino 
medium under corn 
protein- TRAF prot 
forms; and 

(c) measuring the amouijit 
protein complex 
determine whether 
interfering with t 




step (a) with an affinity 
as to bind a TREX 
if such a complex 



of the TREX protein-TRAF 
f oirmed in step (b) so as to 
the compound is capable of 
:fie formation of the complex 
between the TREX prdtein-TRAF protein. 



The method of claim 68, wherein the TRAF is a TRAF2 , 
TRAF3 or a TRAF 5 



The method 'of claim 6 
CD4 0 receptor 1 igand . 



The method of claim 69, 




ere in the compound is a 



in the molecule is a 
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peptide \pr a fragment thereof which comprises a TRAP 
binding domain . 

The method\of claim 71, wherein the TRAP is a TRAP2, 
T£fc£3 or a VrAF 5. 

A method of preventing inhibition of a CD4 0 signal - 
dependent NF-kB activation comprising administering 
the antisense \ oligonucleotide of claim 37 which 
binds to an mR^TA molecule encoding a human Tumor 
necrosis factor\ Receptor-Associated Factor (TRAF) 
protein- interacting hereditary multiple extoses 
(TREX) protein io as to prevent inhibition of 
activation of \ CD40 signal -dependent NF-kB 
activation. \ 

A method of preventing inhibition of a CD40 signal- 
dependent NF-kB activation comprising administering 
a ligand comprising ai/ amino acid domain which binds 
to a EXT C domain \&£ tf*e TREX protein so as to 
inhibit binding of JH£e JTREX protein to the TRAF 
protein, thereby preventing inhibition of a CD40 
s ignal - dependent NF-kB \act i vat ion . 

The method of claim *M , wherein the ligand is 
peptide or a fragment theVeof which comprises a TRAF 
binding domain. \ 

A method of preventing \ upregulation of a TNF 
receptor typell signal -dependent NF-kB activation 
comprising administering the antisense 

oligonucleotide of claim 37 which binds to an mRNA 
molecule encoding a human \ Tumor necrosis factor 
Receptor-Associated Factdjr (TRAF) protein- 
interacting hereditary mul\tiple extoses (TREX) 
protein so as prevent upregulation of a TNF receptor 
typell signal -dependent NF-kB activation. 
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A method\of preventing upregulation of activation of 
a TNF V^ceptor typell- signal -dependent NF-kB 
comprisincfv administering a ligand comprising an 
amino acid Viomain which binds to a EXT C domain of 
the TREX pxx>tein so as to inhibit binding of the 
TREX protein to the TRAP protein, thereby preventing 
upregulation of activation of a TNF receptor typell- 
signal -dependant NF-kB. 



10 
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The method of \ claim 77, wherein the ligand is 
peptide or a fragment thereof which comprises a TRAF 
binding domain. 



15 



80 



20 



A method of detecting a predisposition to cancer 
which comprises detecting of a mutation in a nucleic 
acid encoding TRE^ protein in the sample from the 
subject . 



The method of claifl 
silent point mutat: 



or 



wherein the mutation is a 
a missense point mutation. 



81. 



25 



30 
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The method of claim 7$, 
nucleic acid encodin 
contacting the nucle 
TREX nucleic acid prob 
the TREX nucleic acid 
nucleic acid from the s 
mutation in the nuclei 
in the sample . 



wherein the mutation in the 
TREX protein is detected by 
acid from the sample with a 
under conditions permitting 
probe to hybridize with the 
tmple, thereby detecting the 
acid encoding TREX protein 



The method of claim 81, vfcherein the cancer is colon 
cancer, gastric cancer, hmman head and neck squamous 
cell carcinoma, prostate \carcinoma , breast cancer, 
thyroid cancer, esophag^l cancer, lung cancer, 
colorectal cancer, ovarian 1 cancer , papillary bladder 
cancer, osteosarcoma, chondrosarcoma, liposarcoma, 
giant cell tumor, Ewing sartoma, or other malignant 
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tumors 



83 



5 . 



10 



The method of claim 81, wherein the TREX nucleic 
acid ©robe comprises a nucleic acid molecule of at 
least \s nucleotides which specifically hybridizes 
with a unique sequence included within the sequence 
of an isolated nucleic acid molecule encoding a 
Tumor necrosis factor Receptor-Associated Factor 
(TRAF) protein- interacting hereditary multiple 
extoses (TREX) protein. 
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The TREX nucleic acid probe of claim 81, wherein the 
nucleic acid\is DNA. 



15 
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The TREX nucleic acid probe of claim 81, wherein the 
nucleic acid isv RNA. 



20 
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A TREX nucleic 
capable of specij 
sequence include^ 
2 . 



probe comprising a sequence 
.calUy hybridizing with a unique 
an the DNA molecule of claim 



25 
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A TREX nucleic aci 
capable of specific 
sequence included wi 
5. 



probe comprising a sequence 
a&Ly hybridizing with a unique 
thiV the mRNA molecule of claim 



30 
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The TREX nucleic acid probe comprising a sequence 
capable of specifically Hybridizing with a unique 
sequence included within tHp genomic DNA molecule of 
claim 4 . 



35 
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The method of claim 79, Wherein the mutation 
comprises a portion of a tumobr suppressor locus, 



The method of diagfiaJ^tiig 
comprises: jL^^^ 



cancer in a subject which 
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obtaining DNA from tl\e sample of a subject suffering 
from cancer; 



performing a restrict 
panel of restriction 



on digest of the DNA with a 
mzymes ; 



separating the resul 
fractionation; 



contacting the resul 
nucleic acid probe 
hybridizing with a uni 
the sequence of a 
acid molecule enc6ding 
nucleic acid is (labeled 



ing DNA fragments by size 



ing DNA * fragments with a 
capable of specifically 
<jue§egyence included within 
^ftic alt/eration of a nucleic 
a protein, wherein the 

ith a de tectable marker; 



detecting labeled ijands 
nucleic acid probe 



which have yhybridized to the 
:ep (d) , wnerein the sequence 
nucleic acid molecule 



of a genetic alteramo:i of 

encoding a TREX prctfeSaTn creates a unique band 
pattern specitlcto tie DNA of subjects suffering 
from cancer; 



preparing DNA obtaine 



for diagnosis by step^ (a-e) ; and 



comparing the detected 



from cancer from step 
a sample of the subject 



from a sample of a sub j ect 



band pattern specific to the 



DNA obtained from a sample of subjects suffering 



e) and the DNA obtained from 
for diagnosis from step (f) 
to determine whether the patterns are the same or 
different and to diagnose thereby predisposition to 
cancer if the patterns are the same. 



The method of cl*aam\ 90, wherein the size 
fractionation in spap I (c) is effected by a 
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polyaVryl amide or agarose gel. 

The meVhod of claim 90, wherein the detectable 
marker i^ radioactive isotope, enzyme, dye, biotin, 
a fluorescent label or a chemiluminescent label. 

A method of diagnosing cancer in a subject which 
comprises : \ 

obtaining RNA from the sample of the subject 
suffering from cancer; 

separating the RNA sample by size fractionation; 

contacting the resulting RNA species with a nucleic 
acid probe capable of specifically hybridizing with 
a unique sequence included within the sequence of a 
nucleic acid molecule encoding a mutated TREX 
protein, wherein tffie sequence of the nucleic acid 
molecule encoding,/ \the^\ mutated TREX protein is 
labeled with a detfeMJablje marker; 

detecting labeled bancte which have hybridized to the 
RNA species to create a unique band pattern specific 
to the RNA of subj ects\suf f ering from cancer; 

preparing RNA obtained from a sample of a subject 
for diagnosis by steps (a-d) ; and 

comparing the detected banffl pattern specific to the 
RNA obtained from a sampl\e of subjects suffering 
from cancer from step (d) aftd the RNA obtained from 
a sample of the subject for Diagnosis from step (f ) 
to determine whether the patterns are the same or 
different and to diagnose thereby predisposition to 
cancer if the patterns are the same. 
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The mechod of claim 93, wherein the size 
fractionation in step (c) is effected by a 
polyacrylamlde or agarose gel . 

The method orv claim 93, wherein the detectable 
marker is radioactive isotope, enzyme, dye, biotin, 
a fluorescent label or a chemiluminescent label. 

The method of either of claim 90 or 93, wherein 
cancer associated wioji/tftf expression of a mutated 
TREX protein is di< 



The method of either ofi claim 90 or 93, wherein the 
cancer is colon cancer, gastric cancer, human head 
and neck squamous celu carcinoma, prostate 
carcinoma, breast cancer, tlwroid cancer, esophageal 
cancer, lung cancer, colorectal cancer, ovarian 
cancer, papillary bladder cancer, osteosarcoma, 
chondrosarcoma, liposarcoma, grant cell tumor, Ewing 
sarcoma, or other malignant tuirbrs . 



